Purpose: The purpose of this study was to assess the relationship between objectively measured physical activity and perceived work ability and musculoskeletal disorders among adult, middle-aged, and older women. Patients and methods: This study used a cross-sectional design with a convenience sample of 348 women divided into 3 age groups: 30-49 years (n=111), 50-65 years (n=120), 66-75 years (n=117). Weekly physical activity was monitored using tri-axial accelerometer ActiGraph Gt3X. Perceived work ability was assessed using the standardized Work Ability Index (WAI) questionnaire. Information about the occurrence and intensity of musculoskeletal disorders was collected using standardized Nordic Musculoskeletal Questionnaire (NMQ) expanded by visual analog pain intensity scale (VAS). Results: Regardless of age, women who met physical activity recommendations achieved higher scores in each part of the WAI, and also in the total WAI scores. However, the most significant differences were found in women aged 50-64 years, and included the following items: subjective work ability, work ability in relation to demands, work impairments, sick leave in the past year. Total WAI scores were also significantly higher in women aged 30-49 and 50-64 years who met PA recommendations in comparison to women who did not meet recommendations. Also, significant relations between the frequency of occurrence of musculoskeletal problems and meeting physical activity recommendations were found in women aged 50-64 years. Those who were more physically active reported less musculoskeletal problems in shoulders (p=0.006) and ankles/feet (p=0.018) regions. Conclusion: Adherence to Global Recommendations on Physical Activity for Health disseminated by WHO is related to better-perceived work ability among adult (30-49 years) and middle-aged (50-64 years) women. There is also a relationship between adherence to recommendations of physical activity and frequency and intensity of musculoskeletal pain among middle-aged women.
Introduction
Strong evidence has been gathered over the years about health benefits of regular physical activity. [1] [2] [3] Physical exercise can be effective in primary and secondary prevention of chronic diseases (eg, heart disease, stroke, chronic respiratory diseases, cancer, and diabetes), [4] [5] [6] which are the leading cause of premature death and disability. Numerous studies also confirmed that regular exercise reduces the risk of anxiety and depression, [7] [8] [9] improves well-being 10, 11 and quality of life. [12] [13] [14] Furthermore, physical activity is indicated as an independent predictor of successful aging. [15] [16] [17] Physical activity in older people is critically important in the prevention of diseases, maintenance of functional capacity that guarantees one's independence. This has contributed to a systematic increase in the amount of research concerning health-related effects of various physical training interventions in middle-aged and older people. [18] [19] [20] [21] Physical activity can prevent and reduce the occurrence of musculoskeletal disorders in populations of all ages. [22] [23] [24] [25] However, this is especially important in professionally active workers, as musculoskeletal pain can be the factor that reduces the ability and capacity to work. 26, 27 It should also be noted that the prevalence of musculoskeletal disorders (MSD)(including the joints, muscles, ligaments, nerves, tendons, and structures that support limbs, neck and back) increases with age. 28 Therefore, special attention should be paid to the relation between physical activity and musculoskeletal symptoms among middle-aged and older adults who are still professionally active. Rapid aging in populations implies the need to implement a policy encouraging and supporting employment at an older age.
Some studies have shown the significant relationship between physical activity and the ability to work. [29] [30] [31] Work ability can be defined as having the health, competence and relevant occupational virtues required for managing some kind of job, assuming that the work tasks are reasonable and that the work environment is acceptable. 32 Therefore, it should be noted that the concept of work ability is holistic and can be affected by various factors, such as, eg, work stressors, individual characteristics, and diseases. This raises the question of how work ability changes during work life and beyond. One of the factors related to better work ability is lifestyle, especially regular physical activity. To determine the minimal amount of health-related physical activity, the Global Recommendations on Physical Activity for Health were developed and disseminated by World Health Organization (WHO). According to these guidelines, adults and older adults should do at least 150 mins of moderate physical activity per week or at least 75 mins of vigorous physical activity per week.
The majority of studies that confirmed the relationship between health-related physical activity and work ability and musculoskeletal disorders were performed using the subjective method of physical activity assessment (questionnaires, self-assessment). The aim of this study was to assess the level of objectively measured physical activity according to health recommendations and to verify whether the perceived work ability and self-reported musculoskeletal disorders are associated with adherence to physical activity recommendations. We hypothesized that, regardless of age, women with a higher level of physical activity would achieve a better level of work ability and would report less musculoskeletal disorders.
Materials And Methods Participants
This study was approved by the Ethics Committee of The Jerzy Kukuczka Academy of Physical Education in Katowice. The study used a cross-sectional design with a convenience sample of volunteers from Katowice (Poland) who met the following inclusion criteria: age (30-75 years), gender (female), work experience (at least 5 years), white-collar worker (declared mainly mentally demanding occupation or sedentary type of job for the majority of professional activity), consent to participate in the full research protocol (weekly monitoring of physical activity using accelerometer, completing WAI and NMQ questionnaires). Participants were recruited from purposely selected corporations in South Poland. The research project was promoted by posters and brochures. People interested in participation in the research were invited to meetings, where the aim of the study, protocol, and research tools were presented. The participants who did not meet the inclusion criteria, and those with missing data (incomplete measurement of physical activity based on adopted settings described in physical activity assessment section, incomplete questionnaires) were excluded from the analysis. Finally, 348 women were included in the analysis and divided into 3 age groups: 30-49 years (n=111), 50-65 years (n=120), 66-75 years (n=117). The detailed participant characteristics are presented in Table 1 .
This study was conducted in accordance with the Declaration of Helsinki and written informed consent was obtained from all participants.
Physical Activity Assessment
Physical activity was monitored using a 3-axial accelerometer ActiGraph Gt3X, worn on the right side of hip on the waistband. Women wore the physical activity monitor for seven consecutive days of the week, with the exception of sleeping and water activities (eg, bathing, swimming). Data from physical activity monitors were collected according to the following settings: acceleration from three axes (vertical, mediolateral, anterior-posterior) combined into a vector magnitude score (VM), valid day defined as at least 10 hrs of wear time, data integrated into 60-second epochs and expressed as counts per minutes (cpm), non-wear time defined as 60 consecutive minutes of 0 cpm, with allowance for 1-2 mins of counts 0-200 cpm (Troiano algorithm modified for VM data), 33, 34 threshold counts values to identify the intensity of physical activity: 200-2689 cpm for light physical activity (LPA), 2690-6166 cpm for moderate physical activity (MPA), and more than 6167 cpm for vigorous physical activity (VPA). 35 Data collected from the Actigraph were analyzed with Actilife software to estimate the total time of performing moderate (MPA) and vigorous (VPA) physical activity during the monitored week. It allowed us to determe which of the studied women met the Global Recommendations on Physical Activity for Health popularized by the World Health Organization (WHO). 36 According to these recommendations, participants were considered sufficiently physically active when they accumulated at least 150 mins of moderate physical activity (MPA) or at least 75 mins of vigorous physical activity (VPA) or an equivalent combination of moderate and vigorous physical activity (MVPA) during the week.
Work Ability Assessment
Perceived work ability was assessed using the standardized Work Ability Index (WAI) questionnaire. 37, 38 The index was derived as the sum of the ratings on the seven items, including current work ability compared with the lifetime best, work ability in relation to the demands of the job, number of current diseases diagnosed by physician, estimated work impairment due to diseases, sick leave during the past year (12 months), own prognosis of work ability two years from now, and mental resources.
The sum of scores was calculated (7 to 49 points), and also the four levels of the WAI were identified: poor (7-27 total scores), moderate (28-36 scores), good (37-43 scores), and excellent (44-49 scores). Therefore, this study included the results analyzed from each item, total WAI scores and the level of work ability.
Musculoskeletal Disorders Assessment
For assessment of musculoskeletal problems among participants, the standardized Nordic Musculoskeletal Questionnaire was used. 39 This questionnaire includes a body map to indicate any musculoskeletal problems in nine anatomical regions (neck, shoulders, elbows, wrists/hands, upper back, lower back, hips/thighs, knees, and ankles/feet) over the past year and over the past week. In this study the NMQ questionnaire was expanded by adding a visual analog scale (VAS), which in case of problem complaints, also allowed to assess the pain intensity on a numerical scale 1-10 (1no pain; 10 -unbearable/worst pain).
Statistical Analysis
Descriptive statistics, such as statistical means (Mean) and standard deviations (SD) were used to describe the basic features of the quantitative data in the study, while qualitative variables were presented as percentages and frequencies. The non-parametric Kruskal-Wallis test (without multiple comparison tests) was used to compare quantitative variables between three age groups. Analysis of the level of work ability and musculoskeletal disorders among participants who met or did not meet physical activity recommendations DovePress was performed separately for each age group. The relations between physical activity level (defined as those who met or did not meet WHO physical activity recommendations) and quantitative variables (scores of work ability, total musculoskeletal symptoms and pain intensity) were assessed using Mann-Whitney U test, and for the qualitative variables (percentage of participants with musculoskeletal problems in each anatomical region) using Chi-squared test. All analyses were performed using IBM SPSS 20 software. The level of significance of the p-value was set at 0.05.
Results
The average amount of time spent on moderate physical activity (MPA) was insignificantly different in all studied groups ( Table 2 ). The highest time of MPA was recognized in group aged 50-64 years (176 min/week), and the lowest in women aged 30-49 years (164 min/week). Opposite results were obtained in the case of vigorous physical activity (VPA). The average time of VPA significantly decreased with age and was respectively: 25.68 min/week in the youngest women, 13.07 min/week in women aged 50-64 years, and 9.5 min/week in women aged 65-75 years (p=0.008). It should also be noted that the number of women who performed vigorous intensity physical activity during the week was generally small and decreased with age. Total work ability scores also significantly decreased with age (p=0.000). Although there were no significant differences in the level of musculoskeletal disorders (MSD) declared in the last year, there were found in reported MSD and pain intensity during the last week. The women aged 30-49 years did not report any complaints at all, and the women aged 65-75 years reported musculoskeletal disorders most frequently, and the pain intensity was the highest in comparison to the younger participants.
Due to some significant differences between women of various ages, further analyses were performed and presented separately for each age group. The next step of analysis was to verify the level and differences of work ability and musculoskeletal disorders among women sufficiently physically active (those who met the physical activity recommendations) and insufficiently physically active (those who did not meet physical activity recommendations) ( Table 3) . Regardless of age, women who met PA recommendations achieved higher scores in each part of the WAI, and also in the total WAI scores. However, the most significant differences were found in women aged 50-64 years, and included the following items: subjective work ability, work ability in relation to demands, work impairments, sick leave during past year. Total WAI scores were also significantly higher in women aged 30-49 and 50-64 years who met PA recommendations in comparison to women who did not meet recommendations.
Our results showed that musculoskeletal problems were common in all studied groups, regardless of the level of physical activity. The analysis did not show many significant relations between the frequency of occurrence of musculoskeletal problems in a particular anatomic region in the past year and adherence to physical activity recommendations ( Table 4 ). The only significant relations were found in women aged 50-64 years. Those who were more physically active reported less musculoskeletal problems in shoulders (p=0.006) and ankles/feet (p=0.018) regions.
The next step of the analysis was to calculate the total amount of musculoskeletal disorders by adding up the occurrence of MSD from all anatomical regions reported in the past year and last week ( Table 5 ). Similar to our previous results, the only significant differences were found in women aged 50-65 years. Both the total MSD in the last year and the pain intensity in the last week were significantly higher in women who did not perform the recommended amount of physical activity.
Discussion
The main purpose of this study was to evaluate whether adherence to health-related physical activity recommendations is related to perceived work ability and musculoskeletal disorders among women of various ages. In this study, we only included women who declared mentally demanding occupations and sedentary type of job during the majority of their professional activity. This was because we monitored total weekly physical activity. Meanwhile, some studies have shown that occupational physical activity is not beneficial for health. 40, 41 Therefore, the majority of physical activity of our participants was performed during their leisure-time.
Our study did not show any significant differences between the level of moderate physical activity among various age groups. However, the intensity of weekly physical activity decreased with increasing age. These results support the data previously demonstrated by Ayabe et al. 42 In our study, work ability level decreased with increasing age. Similar tendencies have been highlighted in previous studies. 43, 44 However, the number of reported musculoskeletal disorders in the last year did not differ significantly between age groups. It could have been due to the fact that various musculoskeletal problems were very common in all tested women. Though, it should be noted that researchers and reports emphasize that the prevalence of musculoskeletal problems increases with aging. 28, 45 It could be caused by typical aging changes in musculoskeletal system, such as progressive loss of muscle mass and muscle strength (sarcopenia), and a decreased regenerative capacity. These changes are associated with impaired muscle metabolism, including mitochondrial dysfunction. However, a healthy lifestyle is a well-established countermeasure against muscle aging. [46] [47] [48] Our results show that adherence to physical activity recommendations was related to better work ability among women, regardless of age. Similar results were observed among male workers. 49 The beneficial relation between various parameters of physical activity and work ability has been recognized in many previous studies. 30, 31, 50, 51 Also, some studies have shown that physical exercise can reduce musculoskeletal problems and pain among both adults 25, 52 and older people. 24, 53 In our study, similar results were observed in women aged 50-64 years. Both the prevalence of musculoskeletal problems reported in the past year, and intensity of musculoskeletal pain during last the week were significantly lower in women who met physical activity recommendations. These data confirm that physical activity has a positive influence on musculoskeletal aging. According to other studies, exercise has the potential to reverse and enhance the impaired mitochondrial function observed with aging. Exercise can attenuate age-related decreases in muscle mass, strength, and prevent impairments in muscle metabolism. [46] [47] [48] Therefore, physical activity should be promoted as part of a healthy lifestyle essential to prevent musculoskeletal disorders during aging.
Strengths And Limitations
The main strength of this study is the objective measurement of weekly physical activity using the tri-axial accelerometer. This guarantees more accuracy of physical activity assessment in comparison to self-assessment using questionnaires. It has been confirmed in many studies that self-reported physical activity is often overestimated. 54, 55 Furthermore, including in the research, three various age groups give a better and more versatile view of the level and changes of assessed parameters during aging.
The main limitation of this study is the cross-sectional design with a convenience sample which does not allow assessment of the cause-effect relationship. In future studies, the evaluation of the influence of implemented physical activity programs on work ability and musculoskeletal disorders will be very valuable and needed. Another limitation is the fact that in the group aged 65-75 years, the majority of women were not professionally active. Therefore, the comparison of this group to the others does not reflect accurately the real state in the aspect of full-time employment. However, we included this age group to verify the potential of physical activity in increasing perceived ability to work, which is very important especially in the context of policy to encourage greater labor market participation at an older age.
Conclusion
Adherence to Global Recommendations on Physical Activity for Health disseminated by WHO is related to better perceived work ability among adults (30-49 years) and middle-aged (50-64 years) women. There is also a relationship between recommended physical activity and prevalence and intensity of musculoskeletal pain among middle-aged women.
Study Implications
Observed relationships between levels of physical activity in all studied groups and their ability to work suggest that the creation and implementation of health-enhancing physical activity programs (based on WHO recommendations) in order to maintain the ability to work and high quality of life in an aging population should be mandatory. Further studies of assessment of the relationship between physical activity and the ability to work and musculoskeletal disorders should be performed among employed older people, including specifically work-related musculoskeletal disorders.
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